The central propositions in this paper are: (1) That the increase in pressure associated with a sound wave, while causing an inward movement of the membrana tympani as a whole, paradoxical though it may appear, causes an initial outward movement of its central portion and of the manubrium and consequently of the stapes.
The Transmission of Sound from the External Ear to the Cochlea. By H. MACNAUGHTON-JONES, M.B.
The central propositions in this paper are: (1) That the increase in pressure associated with a sound wave, while causing an inward movement of the membrana tympani as a whole, paradoxical though it may appear, causes an initial outward movement of its central portion and of the manubrium and consequently of the stapes.
(2) That a wave is directed towards the foramen rotundum and away from the foramen ovale, and that the whole design of the middle ear secures a maximum pressure over the former and a minimum over the latter.
On no other hypothesis is so large a proportion of a sound wave utilized to create a nerve impullse. On it can be explained the advantage of the angle at which the membrana tympani is set, of the presence of the accessory cavities, of the promontory, of every feature of the inner wall of the tympanum, of the shape and orientation of the stapes and of the diverse orientation of the foramen rotundum and foramen ovale.
To demonstrate the accuracy of my deductions I constructed a model which I showed in operation at the meeting. Subsequently, for the purpose of this paper, I had two photographs taken consecutively without touching the model. As far as practicable, the model is constructed in every detail on the same lines as the membrana tympani.
It consists of a glass funnel (figs. 1 and 2), the base of which is closed by silk, lined with thin rubber sheeting to render it impervious. The tympani, its outer surface corresponding to the inner or tympanic surface of the membrane. A wire lever runS between the silk and the rubber from the circumference at 'B' to the centre, to replace the manubrium and perform its function. It perforates the Silk at the centre where it is fixed by a drop of glue.
It is then continued on, the continuation formirlg an indicator, 'A,' which accuraUtely 'demonstrates the movements of the lever.
This lever iS rotated outwards by an elastic band and causes the silk to form a cone ( fig. 1 ), resembling that formed by the membrana tympani when drawn inwards by the action of the tensor-tympani on the manubrium. The shaUpe of the funnel does not in any way affect the operation of the model or the principle involved, and a piece of rubber tubing attached to the stem provides a convenient method of altering the pressure on the inner surface of the silk, and thus illustrating the effects of pressure on the outer surface of the membrana tympani. The model was photographed as it lay on the table. A tab, 'B,' was pinned on to the cardboard behind the model so as to mark the exact position of the indicator. In was then inflated through the rubber tubing without moving the model. It will be observed ( fig. 2 ) that the increase in pressure caused the silk to assume a curved shape and as a whole to move outwards, but that the indicator moved in the opposite direction.
This results from the change in shape from that of a cone to that of a segment of a sphere. It shows conclusively that the reasoning which led to the construction of the model was correct, whether or not it be accepted as applicable to the membrana tympani. The following description and the accompanying diagrams elucidate the principle:- replaced by the chain of which the links formed part, which is substantially the same thing, it would assume the shape of the chain marked 'C.' In that event the sides would move downwards and outwards, and the centre would rise. If links were added to the chain, or if the material were extensible and the links of the requisite weight, it would assume the shape of the chain 'D.' In the case~of the membrana tympani, if the material composing, it were of the right texture, the initial effect of pressure would be to cause it to assume the shape 'C,' and then, as it increased, the shape 'D.' Only by special means, and exercising the greatest care, is it possible to produce a pressure on the membrane sufficiently light to effect the first change. The lower 'V 'represents the cord held in position by an elastic band, and the action of such a band is represented in the case of the membrane by the action of the tensor tympani on the manubrium; but the muscle may have a further function which cannot be effected by elasticity. The varying positions of the head must affect the tension of the drum, owing to the weight of the ossicles which must be material when the nature of the drum and of the pressure of sound waves is considered. The tensor tympani may automatically, through the action of the semicircular canals, nullify the effects of gravity.
In fig. 4 , the circle ' S represents the sulcus tympanicus and the rod 'C,' running to the centre from the upper part of the circumference, the manubrium. The bands 'A-B,' running from the sulcus to the imianubrium, represent strips of the membrana tympani lheld in the shape of a 'V ' by the action of the tensor tympani on the manubrium. When this traction is supplemented by the evenlydistributed pressure of a sound wave, these strips assume a circular form, and the central points, to which the manubrium is attached rise. If the pressure were increased the surface of the sphere would move inward, as shown at 'D' (fig. 3 ), but for reasons given later, we are probably only concerned with the initial outward movement.
Tihe ;me,brana flaccida antd thle notch1 of Ravini enable the malleus to rotate round a centre situated above the membrane. This construction avoids the antagonistic pressure which w ould otherwise be exercised by the more circumferential parts of the membrane (fig. 2 ) as the manubrium moved in harmony with its central portion, and it incidentally increases leverage.
Although to facilitate diagrammatical representation the effect of a change in shape from that of a cone to that of a sphere has been illustrated by fibres passing from the manubrium laterally outwards to the sulcus, it is yet more applicable to FIG. 4. the fibres which may be regarded as a continuation downwards of the manubrium or which radiate fromn its lower end.
The accessory cavities. In a contribution to the " Encyclopaedia Britannica," Professor Rankine, discussing the loss of sound due to open windows and doors in an auditorium, quotes a table drawn up by W. C. Sabine, to show that the resulting absorption of sound is more complete than that effected by thick felt, hung at a distance from the wall. The tympanum proper must be regarded as opening into the accessorv cavities by a door which occupies an entire wall. If the opening w-ere into space, the absorption of all waves would be equally complete; but in the case of the accessory cavities the result is modified by their limited size. If the wave be sufficiently long, the summit of the wave may occupy 1)oth the tympanum proper, and the cavities, almost simultaneously, and the loss of sound or pressure would be due to, and in proportion to, the expansion permitted by the greater capacity of the combined chambers. If, however, the w-ave were sufficiently short, the pressure in the access-ory cavities might be normal or even subnormal, and the absorption of the wave be complete. Here then we have a construction on lines recognized as those which would most efficiently prevent waves frorn the outer ear reaching the upper part of the inner wall of the tympanum, and it is in a deep recess in this region that the foramen ovale is placed. The lower part of the inner wall of the tympanum forms a channel which deepens and narrows as it curves upwards. The lower part of the membrana tympani directs a wave directly against it. Its movement exceeds that of the upper half, and there is nothing comparable to the accessory cavities to neutralize the consequent rise in pressure.
The effect of the angle at which the membrana tympani is placed.-A wave does not penetrate the membrane. It is generated afresh from its deep surface, and must move away at a right angle to it. Waves from the upper part, figs. 5 and 51, are directed towards the accessory cavities, those from the centre towards the outer ear, while those from the lower part are directed into the channel already described. This does not imply a great loss of the energy of the wave. A glance at fig. 5 shows how it would sweep over the upper part to reach a cul-de-sac, which the lower part forms with the wall of the external meatus. Here the full force of the wave would be expended and the consequent curvature inwards, of the membrane, would cause an outward movement of the manubrium and also an increase in tension of the upper part of the membrane, which would limit its inward movement and FIG. 5.-Lateral view, showing the normal relations of the external auiditory canal, drum membrane, ossicies and tympanic cavity. Special attention is called to the angles formed by the drum membrane with the walls of the osseous meatus. (From Wendell C. Phillips' " Diseases of the Ear, Nose and Throat," F. A. Davis Co., Phil. By kind permission of author and publisher.) thus contribute to the conservation of the wave. The whole mechanism participates in the creation of a difference of pressure, above and below the promontory. An upward movement of the air in the tympanum results. It is in effect an upward wave which sweeps up the channel just described. It meets the foramen rotu'ndum overhuing by the promontory, directly in its path, and the full force of pressure and momentum is concentrated on it. Fig. 51 gives a graphic representation of the way in which the membrana tympani, owing to the angle it makes with the long axis of the external meatus, diverts the pressure of an incoming wave from the foramen ovale.
'E ' is placed in the external meatus. Above it is'a long arrow indicating the passage of a sou-nd wave inwards along its 'upper part towards the foramen ovale, '0.' On reaching the membrane it is directed downwards to that part of it which faces the groove leading to the foramen rotundum, 'RI.' The groove is shaded. Waves generated by such movement inwards of the upper part as takes place must travel away from the membrane at right angles to its deep surface; i.e., towards the recessus epi-tympanicus, as indicated by the arrows.. The drawing is necessarily composite in order to bring into it the two foramnina and otlher structures not occupyin-g the same plane.
Effects of etolittion. Throughout, I have confined myself to the consideration of what I have termed the initial effects of pressure thiat is, to changes of extreme delicacy. If an empty mlatch box be suspended, so that it hangs freely, and a liglht pin be dropped on to it from a distarnce of half to one inch, the impact will be distinctly lheard at a distance of thirty feet by an observer whose hearimg is not specially acute. If the same pin he dropped on to the hand from a similar distance it will create a scarcely l)erceptible im)pulse, and yet if the total imlpact on the box were converted into sound, the sum of the impulses re,aching thle ear would not equal 1/10,000,000 part of the impulse on the hiand.
Provided that an animal is able to gauge the proximnity or dlistance from which sound emanates, there is no advantage in increasing the effect lproduced on the ear hy any noise beyond that required for clear l)erception. On the contrary, it m-cay be of advantage to progressively reduce the effect as the soun(d increases in volume. But there is no limit to the acuteness of hiearing which inay be of service to the animal whether it be alert or off its guard. It is upon the detection of sounds far fainter tllan that hleard at 30 ft. in the above experiment that the safety of an animal frequently FIG. 51. depends. The perpetuation of the sl)ecies is constantly and vitally ai'f'ected. This is the dominating factor in determining the characeter of sound, for which the ear will be adapted. Therefore in investigating the rationale of the construction of the ear, the investigation niust be principally, if not exclusively, confined to tlle effects of infinitesimal impulses, wNhich I have termed the initial effects of pressure. Even in the absence of any other explanation, t,he suggestion that an inward imiovement of the mlembrane carrying the manuhrium with it is responsible for hearing is untenable. The effective pressure on the drumn, and consequent pressure inwards of it, represent only the difference in pressure between that in the outer and middle ears. The pressure rises concurrently in 1oth and the diff'erence represents only a fraction of the energy of the wave. Only a fraction of this pressure inwards is on the manubrium; the greater lalt is sustained by the sulcus tympanicus. If the triangles 1, 2, 3, 4, in fig. 4 , were sails filled with wind, the pressures sustained by the bases and apices respectively would represent the pressure on the manubrium, and that sustained by the sulcus tympanicus. The perpetuation of the species depended on the minuteness of the sound wave, whicli became converted into an appreciable nerve impulse. It appears equally a negation of the laws of evolution to suggest that hearing depended on a mechanism which could so Proceedings of the Roytal Society of Medicine 106 easily have been improved upon, or that the ossicles which would materially interfere with the movements of the drum do not, make a valuable contribution. Hearinq in the absence of the drztm.-When the drum is present, it is probable that the movements of the stapes effected by the ossicles anticipate the movements of the round membrane, and it is manifestly of advantage that the wave of minus pressure, resulting from the outward movement of the stapes on reaching the upper surface of the basilar membrane, should be made to synchronize with and therefore supplement the wave of plus pressure caused by the inward movement of the round membrane. This is effected by the construction shown in fig. 6 . The arrow, '0,' points to the foramen ovale. 'V ' is in vestibule, at the entrance of the scala vestibuli, 'R ' points to the opening of the foramen rotundum into the scala tympani.
The commencement of the basilar membrane is shown with the canals above and below it. It was necessary to make the drawing schematic in order to bring the two foramina, the vestibule, and the canals into it. The lower end of the scala vestibuli passes as a canal through the wall of the vestibule, and then expands into the trumpet-shaped cone which forms one wall of the vestibule (fig. 7) . The foramen ovale also forms a short canal, and it runs side by side with and parallel to the lower end of the scala vestibuli (fig. 6 ). The effect is, that a wave passing from the tympanum into the vestibule is directed away from, not towards, the entrance to the scala vestibuli, and is reflected back into the bell of the trumpet as from a concave mirror. On the other hand, a wave passing in through the foramen rotundum impinges directly on the lower surface of the basilar membrane. The two phases of the wave probably arrive simultaneously on the opposite aspects of the various segments of the membrane.
The mechanism which synchronizes waves generated in succession at the two foramina when the drum is present causes those generated simultaneously when it is absent, since both are of airy origin, to arrive in succession. If the wave be long, its summit may reach both aspects of any given segment almost simultaneously, whereas, if it be sufficiently sbort, the summit may have passed half a wave's length beyond any point on the lower surface, before reaching the corresponding point on the upper surface. In that event the maximum increase on the lower surface will be opposed to the maximum decrease on the upper surface, and vice versa. We have not to deal with waves of such high frequency, but the shorter the wave, the greater the difference in pressure on the two surfaces. The same reasoning applies to the difference in pressure in the lower and upper parts FIG. 8. of the tympanum, created by the presence of the accessory cavities. If the increase were sufficiently gradual, the pressure throughout the tympanum and the accessory cavities would remain substantially the same. The more rapid the rise-i.e., the shorter the wave-the greater would be the difference. Thus the passage of part of the wave through the vestibule, and the presence of the accessory cavities, both accentuate the effects produced by the shorter waves. They provide for hearing in the absence of the drum and explain both its presence and character. There appears to be another cogent reason why this should be so. It is almost as necessary for an animal to recognize the nature of sound as merely to recognize its presence. The detection of the higher harmonics is of value in enabling it to do so. The corresponding waves are comparatively feeble, but owing to these constructions the nerve impulses generated by them are more equal to those generated by the fundamental waves.
The stapedius muscle.-It is of advantage that the movements of the incus should be comparatively limited, while those of the malleus should be comparatively free, that they should move virtually as one, and yet, that the malleus should be capable of free independent movement. This would not be possible if they were connected by inelastic ligaments, and the next suggestion which I wish to put forward is that it is rendered possible by the action of the stapedius. The principle, applicable to nearly all joints, is in this instance a little difficult to explain. It is elucidated by fig. 8 , in which 'B' is a curved plate rotating round a pivot, 'E,' to which it is connected by an arm, 'C.' It fits into the hollow of a movable saddle-shaped plate, 'A,' and is kept in position by an elastic band, 'D,' attached to the arm. Its movements round 'E,' though free, are limited in extent. If the plate 'A' be moved from side to side, as long as 'B " can follow its movements the two plates will move as though they were one. If the movement of 'A' continues after the rotation of 'B' has been arrested, 'B ' will rise up on one of the convex surfaces on either side, but will return into the saddle and again move as if it were part of 'A,' whenever the position of 'A' permits it. If 'B' were bound to 'A' sufficiently rigidly to cause the two plates to move as one, when the movement of ' B' became arrested the movement of 'A' should also cease, if the appliance were to remain undamaged. In fig. 9 the incus is darker than the other ossicles. The arrow indicates both the position and action of the stapedius. It rotates the incus round the tip of the short process C'; the body of the incus and the head of the malleus move downwards and towards each other, since the malleus is rotated round its anterior ligament at C2,' and the articular surfaces are pressed together. This action is in the plane of the paper and does not affect the movements of the bones in concert with those of the membrana tympani, which are at righlt angles to it.
The bones move as one as long as, and whenever, the incus can follow the movements of the malleus, but the malleus is permitted to continue its movements independently in either direction when such movements would lead to fracture of the manubrium, or injury to the ossicles or their attachments, if the two bones were rigidly connected. The peculiar shape of the articular surfaces is probably due to the different extent of free movement required in opposite directions.
The stapes.-The stapes in its natural position is at an angle of about 450 with the horizontal. For the reasons given, a wave of pressure passes from the lower part of the tympanum upwards to the upper part, and then upwards and somewhat outwards to the accessory cavities. It meets the deep surface of the membrane of the stapes, and acts on it as does the wind on a sail set for tacking, and forces it outwards. In the absence of the drum it would cause rotation of the outer end of the stapes upwards. The lower border of the base of the stapes is flat and its upper border curved, and such rotation would increase the capacity of the vestibule which would be equivalent to an outward movement of the bone. The prow-or noseshape of the outer end of the stapes would divert any fragment of the wave travelling towards the foramen ovale.
Throughout this paper description has been limited to the effects of an increase of pressure in the external ear, because it rendered exposition easier. It is the negative phase, however, which is responsible for the inward movement of the stapes, and there are variations in this phase which are as effective as the corresponding variations in the positive phase. An inward as well as an outward movement of the drum is therefore necessary in order that the total energy of the wave may be available, and the extreme inward position cannot be that most suitable for acute hearing. The shape which I believe that the membrane takes, and it is the only assumption in the paper, is that shown in fig. 10 . 'A' is on the tympanic side, and the dart immediately above it represents the action of the tensor tympani. The curved surfaces towards which the other darts point would result from a sub- FIG. 10. atmospheric pressure or from the structure of the membrane. In either event, a reduction in pressure in the external ear, where the long arrow is placed, would lead to the elimination of the curves. It would be the equivalent of a rise of pressure in the tympanum, the action of which is represented by the darts, and an inward movement of the manubrium would result. Conversely, pressure in the concavity of the curves would lead to increased curvature and an outward movement of the manubrium, such as is demonstrated to take place by the model described in the commencement of the paper. It is for the detection of the faintest sounds corresponding to the most delicate waves, that the ear must be adjusted, and these would require a degree of tension and an outward movement of the membrane almost immeasurably small. If one swallows with the nares closed, a very decided sensation is produced in the ears which does not immediately disappear. It gives the impression that a very pronounced fall in intra-tympanic pressure has been produced. Some thirty or forty years ago, I suggested to a leading rhinologist that air was not absorbed from the tympanum, but was withdrawn during the act of deglutition when there was nasal obstruction. His answer was that he thought that one would certainly empty the tympanum. I connected a water manometer with one nostril, and the water rose and fell with respiration, the total amplitude being about an inch. I then swallowed, expecting a still greater fall, but I produced a scarcely perceptible flicker at the end of the act. Realizing that respiration produced a continuous reduction or increase in pressure which communicated itself to the manometer, whereas swallowing only removed a certain percentage of air, and it was this percentage which was registered, I constructed a manometer such as I demonstrated at the meeting, which contained a minimum of air. I found that there was neither rise nor fall of pressure detectable during the greater part of deglutition, but that as the act was terminating there was a sudden, just perceptible movement. Even with the other nares closed, the fall did not exceed a few millimetres. The experiment satisfied me that a fall very much less than that produced by respiration produced a a very pronounced sensation in the ears if the tubes were open, and as a corollary that they were open only during deglutition.
Retraction of the membrane.-It might appear that the abstraction of so small an amount of air would be compensated for by a slight yielding of the membrane. But whatever position it occupied, the same degree of vacuum would be restored with each act of swallowing and it would assume an abnormally spherical shape which the tensor tympani would be constantly restoring to that of a cone, but while this rectified the effect of the reduction in pressure, it would intensify the tension to which the membrane was subjected. This abnormal and increasing strain thrown upon the muscle explains the loss of hearing, occasioned by fatigue or debility, in persons in whom the exercise of the function renders it necessary.
The position of the Eustachian tube.-This enters the tympanum at substantially its lowest point, not as generally described. We have only to consider its position during the act of swallowing, when its outer end is open and the tympanum is subject to aspiration. It is difficult to swallow saliva with a head extended. Normally, during swallowing, the head is in proximity to the chest. It is true that the head is often held back, but it will be found that this is due to the shape and position of the back rather than to the extension of the head. If observations are made, it will be noticed that a slight forward movement of the head is made during deglutition, unless it is already slightly flexed.
The recapitulation of the anatomy of the ear, and of the laws of sound which has been given, will scarcely be controverted, and the recapitulation constitutes a demonstration that waves are conveyed from the external meatus to the foramen rotundum in a maximum, and to the foramen ovale in a minimum degree, in so far as they are conveyed by air, and this part of the waves probably represents the greater part of the energy available. Only a fraction of the pressure on the drum is conveyed through the manubrium to the stapes, and if the manubrium were to move inward with the membrane, as generally described, one portion of the wave would antagonize the other. This again would surely constitute a negation of the first principles of evolution, according to which every design shall have a purpose, every curve a meaning. Compare this with the theory according to which movements of the drum are not a true vibration, which accounts for the angle at which it is placed, the presence of the accessory cavities, the shape of the inner wall of the tympanum, the shape of the stapes, the presence of its membrane, and the angle at which it is placed, and the opening of the foramen ovale into the vestibule. All these fit like pieces of a mosaic into a picture.
Otherwise, it was impossible to understand the persistence of excellent hearing in cases, such as they had all seen, of total defect of the tympanic membrane and absence of the greater portion of the malleus and incus.
The physics of the conduction of sound had been a point of particular interest for at least the last 20 years. Bzarany had suggested that, so far as conversation was concerned, sound was usually transmitted via the foramen ovale, the inward movement of which ina response to aerial vibrations was balanced by excursion of the foramen rotundum. In support of this view, Biarany instanced that improvement in hearing could be obtained in some exposed middle ears by the introduction of a drop of mercury or liquid paraffin, which thus represented artificially the normal globule of mucus present in the canal of the foramen rotundum which determined this route for the aerial conduction of sound.
He (the speaker) had a patient who was in the habit of improving his hearing in a tolerant totally exposed middle ear, by the introduction of a piece of bacon fat.
Recently, Alexander had contributed an article, to which he (the President) wished to draw special attention, on this subject in the Monat87chrift filr Ohrenheilkunde, lxv, pp. 1-20 and 173-200, 1931 , based on the result of research by others, and on his own clinical investigation and animal experiments, from which he concluded that the functional integrity of the stapedio-vestibular joint was absolutely necessary for the conduction of the lower tones, but that the chief route for the higher tones was directed through the foramen rotunda.
Mr. CLEMINSON asked if Mr. Macnaughton-Jones suggested that during a period of raised pressure in the external auditory meatus, the handle of the malleus moved outwards. If so, why was it that whten one inflated the external auditory meatus with a Peters' speculum, one could actually see the malleus move inwards ?
Dr. LOWNDES YATES said that various theories were held as to the function of the ossicles, but presumably the e'laboration of a joint between the incus and the malleus was not without good reason. A similar joint existed between the stapes and the incus. It seemed that sounds of very short wave-length must be physically absorbed by those joints, so that the sounds of higher pitch reached the internal ear by some route other than by the membrane; the choice of route must be between the oval window and the round window. After removal of the ossicles and the tympanic membrane the tuning-fork could still be heard, though lower notes did not come through so well. Hearing diminished par Pa88U with the onset and increase of fibrosis in the wound which had been made. The tensor tympani enabled the ear to rest, i.e., to cease listening when something was transpiring which the person did not want to hear.
Mr. E. WATSON-WILLIAMS said that he did not propose to deal with the physiological aspects of the subject, since he believed that the tympanic membrane and ossicles were essentially part of a proprioceptive mechanism, not really concerned with the transmission of sound, and only accidentally associated with the organ of hearing. But with regard to the mechanics of the subject as submitted in the paper, he wished to make three points.
The main argument of Dr. Macnaughton-Jones as to the membrane was that when the pressure in the external meatus was increased, the membrane moved outwards, not inwards, as had been hitherto taught and as one could see it move when using the pneumatic speculum. Dr. Macnaughton-Jones had illustrated this thesis with two pieces of apparatus; the first illustration was fallacious, because the "membrane " was flaccid until the pressure in the " meatus " was raised, and the movement of the " malleus " had the pressure been further raised after the "membranes" was taut would have been in the opposite sense to that which it was sought to demonstrate; the second was fallacious, because it assumed that the membrane was inelastic, whereas, in actual fact, for the very small variations of pressure occurring during an ordinary sound wave, the elasticity of the membrane might be regarded as practically perfect. Secondly, part of Dr. Macnaughton-Jones's argument rested on an anology between the transmission of a wave of increased pressure occurring in air during the passage of a sound wave and the effect of a piston compressing or rather acting on a column of water; this was misleading, since for the preseht purpose we could regard water as quite incompressible, and air' as a "perfect" gas, the volume varying inversely as the pressure. Thirdly, with respect to the quotation read from the " Encyclopedia Britannica," which referred to the absorption of sound waves by the walls of buildings, Dr. Dr. MACNAUGHTON-JONES (in reply) said that the suggestion had been made that the membrana tympani resembled Reissner's membrane in being for purposes of protection only. He believed that Reissner's membrane played an important part in obviating friction and in concentrating a wave on the basilar membrane. The reciprocating movements of the round membrane and the stapes, however caused, couid not be disassociated from similar movements of the fluid along the canals which they respectively closed. Reissner's membrane, being anchored, could not participate in these movements. It presented an almost frictionless surface over which the fluid glided to and fro, but the variations in pressure associated with these movements caused lateral displacements which generated the secondary waves in the canalis cochlee. These waves therefore were at nearly a right angle to the primary wave. In a transverse section of the cochlea Reissner's membrane formed the base of a triangle. The basilar membrane formed the apical end of one side, and the other side was so curved that a wave impinging on it was directed almost vertically on to it. The energy of a wave was expended in overcoming the inertia of the fluid, and the resistance to its movement arising from friction. The loss occasioned by overcoming inertia was more apparent than real, since it was largely recovered as the basilar membrane recoiled; but that due to friction was real, and were it not for the presence of Reissner's membrane and the membrana tectoria, the movement would have to take place over and through the rods of Corti and other structures, involving an altogether different degree of friction and, moreover, utilizing the pressure of the wave on a much smaller surface. Reduction of friction was a subsidiary function of the membrana tectoria. It had been suggested that the figures he had given, comparing the absorption of sound by an open window or door with that produced -by other conditions, only applied when the sound was at and travelling perpendicular to the opening, and that sound travelling directly past an opening would not be affected. He contended that the angle of incidence did not affect the relative amount of absorption; also that a wave consisted of alternate zones of compressed and rarefied air, and that the passage past an open window allowed the expansion of the former and the contraction of the latter, and that both changes implied the partial loss of the wave.
One Member had remarked that there was a definite cul-de-sac at the bottom of the membrana tympani, and that the weight of the ossicles would increase, by reason of their inertia, the desynchronization of an atmospheric wave impigning directly on both foramina. These were points which he had not thought of, though he could fully appreciate them when they were mentioned. The point had been raised as to the detection of the outward movement of the manubrium by observation. This was extremely difficult. The movement was transitory and gave way almost immediately to one inwards, as described in the paper. Even in the model, where it was permanent and incomparably easier to observe, it was difficult to demonstrate without the aid of the indicator, which rendered it evident and indisputable. It could, however, be observed if a Spiegel's speculum were used with a ball which was open at the end, and which was slowly and steadily compressed.
A Test of Maximum Tuning-Fork Hearing. By E. A. PETERS, F.R.C.S. TUNING-FORK tests still yield very useful results in testing hearing, and the value of these results is increased if fractional representation is used, the nominator representing the observation time, while the denominator gives the normal time in seconds. Lake and I have pointed out that an even pressure of 8 oz. eliminates the variations due to different degrees of pressure used.
